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1
METHOD FOR SYNTHESIS OF N-METHYL
PIPERAZINE DIPHENOLAMIDE AND
RELATED COMPOSITION

BACKGROUND

The invention generally relates to method for synthesis of
N-methyl piperazine diphenolamide. More particularly, the
invention relates to method for one-step synthesis of N-me-
thyl piperazine diphenolamide and related composition.

Typical methods to synthesize N-methyl piperazine diphe-
nolamide include a two-step reaction, which includes con-
verting diphenolic acid to diphenolic acid methyl ester, fol-
lowed by reaction of the ester with N-methylpiperazine.
However, such methods typically require addition of sol-
vents, which necessitates additional steps of solvent removal.
Further, this two-step method also requires two separate steps
for isolation and purification of the reaction products (diphe-
nolic acid methyl ester and N-methyl piperazine diphenola-
mide). Therefore, the typical two-step method may not pro-
vide the desired efficiency (yield), and may not be cost-
effective.

Thus, cost-effective and efficient methods for synthesis of
N-methyl piperazine diphenolamide are desired. Further,
one-step methods for synthesis of N-methyl piperazine
diphenolamide are also desired.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the present invention are included to meet
these and other needs. One embodiment is a method for
synthesis of N-methyl piperazine diphenolamide. The
method includes contacting diphenolic acid with N-methyl
piperazine to form a reaction mixture; and heating the reac-
tion mixture to form a reaction product including N-methyl
piperazine diphenolamide.

One embodiment is a method for synthesis of N-methyl
piperazine diphenolamide. The method includes contacting
diphenolic acid with N-methyl piperazine under substantially
solvent free conditions to form a reaction mixture. The
method further includes heating the reaction mixture at a
temperature in a range from about 160° C. to about 180° C. for
a time duration in a range from about 16 hours to about 40
hours, to form a reaction product including N-methyl pipera-
zine diphenolamide.

One embodiment is a composition including N-methyl
piperazine diphenolamide. The composition is formed by
contacting diphenolic acid with N-methyl piperazine to form
a reaction mixture; and heating the reaction mixture to form a
reaction product including the N-methyl piperazine dipheno-
lamide.

DETAILED DESCRIPTION

Approximating language, as used herein throughout the
specification and claims, may be applied to modify any quan-
titative representation that could permissibly vary without
resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term or terms,
such as “about”, and “substantially” is not to be limited to the
precise value specified. In some instances, the approximating
language may correspond to the precision of an instrument
for measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined and/or
interchanged, such ranges are identified and include all the
sub-ranges contained therein unless context or language indi-
cates otherwise.
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2

In the following specification and the claims, the singular
forms “a”, “an” and “the” include plural referents unless the
context clearly dictates otherwise. As used herein, the term
“or” is not meant to be exclusive and refers to at least one of
the referenced components being present and includes
instances in which a combination of the referenced compo-
nents may be present, unless the context clearly dictates oth-
erwise.

A method for synthesis of N-methyl piperazine dipheno-
lamide is presented. In particular, a one-step method for syn-
thesis of N-methyl piperazine diphenolamide is presented.
The term “one-step method” as used herein means that the
diphenolic acid is directly converted into N-methyl pipera-
zine diphenolamide without the additional intermediate step
of forming an ester, as shown in the synthetic scheme 1:

O, OH
OO
Heat
—_—
HN NMe
__/
N/
[

This is contrast to the “two-step method” described in U.S.
Pat. No. 7,985,339 assigned to General Electric Company.

The method includes contacting diphenolic acid with
N-methyl piperazine to form a reaction mixture. In some
embodiments, a molar ratio of N-methyl piperazine to diphe-
nolic acid is in a range from about 1.5 to about 5. In some
embodiments, a molar ratio of N-methyl piperazine to diphe-
nolic acid is in a range from about 3 to about 5. In certain
embodiments, a molar ratio of N-methyl piperazine to diphe-
nolic acid is in a range from about 3 to about 4.

The diphenolic acid is contacted with N-methyl piperazine
under substantially solvent-free conditions, in some embodi-
ments. The term “substantially solvent-free conditions™ as
used herein means the amount of solvent added during the
step of contacting the diphenolic acid with N-methyl pipera-
zine is less than about 10 weight percent of the total reaction
mixture. In certain embodiments, the reaction mixture is
formed without adding any solvent to the mixture, and the
reaction mixture may be completely solvent free. In some
embodiments, the reaction mixture may be in the form of a
slurry, formed by adding solid diphenolic acid to a solution of
N-methy] piperazine.

As alluded to previously, in a typical two-step method,
large quantities of'a solvent (e.g., methanol) are typically used
during the step of converting the diphenolic acid to corre-
sponding ester, which requires an additional step of solvent
removal and may be cost-prohibitive. In contrast, the method
in accordance with some embodiments of the invention pre-
cludes the need to add a solvent, and may therefore be more
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cost-effective. Further, the one-step method may be more
efficient and may provide higher yields when compared to
two-step method, which requires an additional isolation and
purification step.

The method further includes heating the reaction mixture
to form a reaction product including N-methyl piperazine
diphenolamide. In some embodiments, the method includes
heating the reaction mixture at a temperature in a range from
about 140° C. to about 180° C. for time duration in a range
from about 8 hours to about 40 hours. In some embodiments,
the method includes heating the reaction mixture at a tem-
perature in a range from about 160° C. to about 180° C. for
time duration in a range from about 16 hours to about 40
hours. In some embodiments, the reaction mixture may be
heated to the desired temperature in a step-wise manner over
a period of time. The reaction product may be in the form of
a solution or a slurry, in some embodiments.

The method further includes isolating the N-methyl pip-
erazine diphenolamide from the reaction product. In certain
embodiments, the N-methyl piperazine diphenolamide is iso-
lated from the reaction product by crystallization from a
suitable solvent.

The reaction product may be substantially free of diphe-
nolic acid methyl ester. The term “substantially free” as used
herein means that the amount of diphenolic acid methyl ester
in the reaction product is less than 0.1 weight percent. In some
embodiments, the reaction product is completely free of
diphenolic acid methy] ester, that is, the amount of diphenolic
acid methyl ester in the reaction product is 0 weight percent.

The isolated N-methyl piperazine diphenolamide may
have purity greater than about 96% in some embodiments. In
certain embodiments, the isolated N-methyl piperazine
diphenolamide may have purity greater than about 98%. Fur-
ther, a yield of N-methyl piperazine diphenolamide relative to
diphenolic acid may be greater than about 80%. In certain
embodiments, a yield of N-methyl piperazine diphenolamide
relative to diphenolic acid may be greater than about 85%.

In some embodiments, a method for synthesis of N-methyl
piperazine diphenolamide includes contacting diphenolic
acid with N-methyl piperazine under substantially solvent
free conditions to form a reaction mixture; and heating the
reaction mixture at a temperature in a range from about 160°
C. to about 180° C. for a time duration in a range from about
16 hours to about 40 hours, to form a reaction product includ-
ing the N-methyl piperazine diphenolamide.

A composition including N-methy] piperazine diphenola-
mide is also presented. The composition is formed by con-
tacting diphenolic acid with N-methyl piperazine to form a
reaction mixture; and heating the reaction mixture to form a
reaction product comprising the N-methyl piperazine diphe-
nolamide. As alluded to previously, the composition is sub-
stantially free of diphenolic acid methyl ester in some
embodiments. Further, the N-methyl piperazine diphenola-
mide has purity greater than about 98%.

EXAMPLES

Chemicals were purchased from Aldrich and used as
received, unless otherwise noted.

Example 1

Preparation of N-Methyl Piperazine Diphenolamide
(N-MePip DPA) by One-Step Method

A 1.0 liter three neck flask equipped with reflux condenser
and overhead mechanical stirrer was charged with 400 grams
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(4.0 moles) of N-methyl piperazine. The resulting solution
was stirred at room temperature under nitrogen. To this solu-
tion was added 286 grams (1.00 mole) of diphenolic acid as a
solid over 10 minutes to ensure no solid caking and a homo-
geneous mixture. The resulting slurry was heated with an
external oil bath temp of 160° C., and during the course of
heating, the slurry became a clear solution, which began to
re-precipitate as the oil temperature approached 80° C. (am-
monium salt formation). As the oil temperature continued to
rise to 110° C., the reaction mixture became a thick paste,
which gradually thinned out and re-melted as the oil bath
temp approached 160° C. The temperature was maintained at
160° C. for 8 hours during which time the reaction mixture
became a clear, amber liquid. Further, during this time the
internal pot temperature rose from 125° C. to 136° C. After 8
hours, the oil temperature was gradually raised to 180° C.,
and this oil bath temperature was maintained until all the
starting material was gone (~additional 8-16 hours). Excess
N-methyl piperazine was allowed to distill off over the course
of the reaction (total distilled N-methyl piperazine was ~15
grams). It was determined that it was desirable not to distill
more than 20 grams or the reaction risked crystallization upon
cooling. Over the course of the reaction, the pot temperature
increased from 125° C. to 148° C.

Upon completion, as determined by HPLC, the mixture
was cooled to ~110° C. (internal temperature), and 1.0 L of
water was added slowly to maintain a solution. Initially, the
water was added at the rate of 2.0 mL/min for the first 100 mL
of'added water, during which time the amber solution became
less viscous, and further began to precipitate as a white solid
(the internal temperature dropped to ~86° C.). The remaining
water was added over 1 hour (at the rate of 15 ml./min) After
all the water was added, the temperature was allowed to cool
to room temperature, resulting in a slurry containing a white
precipitate. The precipitate was obtained by filtration to
obtain an off white solid. The crude solid was dried by heating
gradually from 50° C. to 80° C. under vacuum over 24 hours
(95% isolated yield, ~99% purity).

The resulting dried solid was dissolved in hot ethanol (1.0
liter) to which 500 ml of water was added slowly while
maintaining temperature at 80° C. Upon addition of all the
water the heat was removed and the solution allowed to cool
to room temperature and stirred for additional 12 hours. The
recrystallized product was isolated by filtration and dried
under vacuum at 50° C. to 80° C. over a period of 24 hours.
312.8 g of a pure white solid was obtained in 85% yield with
greater than 99% purity, m.p. 196-197° C.

Comparative Example 1

Preparation of N-Methy!l Piperazine Diphenolamide
(N-MePip DPA) by Two-Step Method

N-methyl piperazine diphenolamide was also synthesized
using atwo-step method from the corresponding methyl ester,
as described in U.S. Pat. No. 7,985,339 assigned to General
Electric Company. The two-step method resulted in 80-85%
isolated yield of crude material by precipitation with acetone-
water mixture. Therefore, the crude overall yield from this
two-step method was less than the crude yield from the one-
step method described in Example 1.

The appended claims are intended to claim the invention as
broadly as it has been conceived and the examples herein
presented are illustrative of selected embodiments from a
manifold of all possible embodiments. Accordingly, it is the
Applicants’ intention that the appended claims are not to be
limited by the choice of examples utilized to illustrate fea-
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tures of the present invention. As used in the claims, the word
“comprises” and its grammatical variants logically also sub-
tend and include phrases of varying and differing extent such
as for example, but not limited thereto, “consisting essentially
of” and “consisting of.”” Where necessary, ranges have been
supplied; those ranges are inclusive of all sub-ranges there
between. It is to be expected that variations in these ranges
will suggest themselves to a practitioner having ordinary skill
in the art and where not already dedicated to the public, those
variations should where possible be construed to be covered
by the appended claims. It is also anticipated that advances in
science and technology will make equivalents and substitu-
tions possible that are not now contemplated by reason of the
imprecision of language and these variations should also be
construed where possible to be covered by the appended
claims.

The invention claimed is:

1. A method for synthesis of N-methyl piperazine diphe-
nolamide, comprising:

contacting diphenolic acid with N-methyl piperazine to

form a reaction mixture; and heating the reaction mix-
ture to form a reaction product comprising N-methyl
piperazine diphenolamide.

2. The method of claim 1, wherein diphenolic acid is con-
tacted with N-methyl piperazine under substantially solvent-
free conditions.

3. The method of claim 1, wherein a molar ratio of N-me-
thyl piperazine to diphenolic acid is in a range from about 1.5
to about 5.

4. The method of claim 1, wherein a molar ratio of N-me-
thyl piperazine to diphenolic acid is in a range from about 3 to
about 4.

5. The method of claim 1, comprising heating the reaction
mixture at a temperature in a range from about 140° C. to
about 180° C. for a time duration in a range from about 8
hours to about 40 hours.

6. The method of claim 1, comprising heating the reaction
mixture at a temperature in a range from about 160° C. to
about 180° C. for a time duration in a range from about 16
hours to about 24 hours.

7. The method of claim 1, further comprising isolating
N-methyl piperazine diphenolamide from the reaction prod-
uct by crystallization.

8. The method of claim 1, wherein N-methyl piperazine
diphenolamide has a purity greater than about 98%.
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9. The method of claim 1, wherein the reaction product is
substantially free of diphenolic acid methy] ester.

10. The method of claim 1, wherein a yield of N-methyl
piperazine diphenolamide relative to diphenolic acid is
greater than about 80%.

11. A method for synthesis of N-methyl piperazine diphe-
nolamide, comprising:

contacting diphenolic acid with N-methyl piperazine under

substantially solvent free conditions to form a reaction
mixture; and

heating the reaction mixture at a temperature in a range

from about 160° C. to about 180° C. for a time duration
in a range from about 16 hours to about 24 hours, to form
a reaction product comprising N-methyl piperazine
diphenolamide.

12. The method of claim 11, wherein a molar ratio of
N-methyl piperazine to diphenolic acid is in a range from
about 1.5 to about 5.

13. The method of claim 11, wherein a molar ratio of
N-methyl piperazine to diphenolic acid is in a range from
about 3 to about 4.

14. A composition comprising N-methyl piperazine diphe-
nolamide, formed by:

contacting diphenolic acid with N-methyl piperazine to

form a reaction mixture; and heating the reaction mix-
ture to form a reaction product comprising the N-methyl
piperazine diphenolamide.

15. The composition of claim 14, wherein the composition
is substantially free of diphenolic acid methyl ester.

16. The composition of claim 14, wherein N-methyl pip-
erazine diphenolamide has a purity greater than about 98%.

17. The composition of claim 14, formed by contacting
about 1.5 moles to about 5 moles of N-methyl piperazine
relative to 1 mole of diphenolic acid.

18. The composition of claim 14, formed by contacting
about 3 moles to about 4 moles of N-methyl piperazine rela-
tive to 1 mole of diphenolic acid.

19. The composition of claim 14, formed by heating the
reaction mixture at a temperature in a range from about 140°
C. to about 180° C. for a time duration in a range from about
8 hours to about 40 hours.

20. The composition of claim 14, formed by heating the
reaction mixture at a temperature in a range from about 160°
C. to about 180° C. for a time duration in a range from about
16 hours to about 24 hours.
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